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encouraging." Furthermore, the bioengineered petunia Rubisco dem-
onstrates many of the properties of Rubisco in the pea. "The gene is
light-dark regulated: it is turned on by the light, it is not on in the dark.
[Also] the gene is only expressed in the appropriate tissue. We did not
find this pea small-subunit gene being expressed, for example, in the
roots and stems of the plant, but only in the leaves."

Another group of proteins that have been a focus of work by plant
molecular biologists are the storage proteins in plant seeds. The seeds
of legumes and cereal grains provide humans with an estimated 70
percent of their dietary protein requirements, but some of the most
important storage proteins in these seeds are deficient in certain
essential amino acids that must be made up in other ways. Researchers
have consequently examined the possibility of genetically engineering
the genes that code for these proteins to alter their amino acid
composition.

Such efforts quickly run up against a number of difficulties, accord-
ing to Jaworski. "The storage proteins in crops such as corn and
soybeans are very complex, multigene families. There are a number of
pieces of information we don't have about exactly what happens when
you genetically engineer a protein. Let's say we modify it with a single
amino acid change. We don't know how that might affect the secondary
and tertiary structure of the protein, which has to do with how it is
going to be folded and deposited when it is being formed as a storage
protein."

Jaworski believes that a technically more feasible goal is the
modification of leaf proteins rather than storage proteins, which are
also commercially valuable as feed for livestock. It might be possible to
alter these proteins to be more nutritious, or their concentration in
leaves might be amplified through genetic engineering. But this, too,
encounters certain difficulties. "We don't know what happens when we
elevate natural proteins beyond a certain level," says Jaworski. "We
know that in bacteria this can be lethal."

The number of genes that are involved in determining a given
characteristic is crucial to whether that characteristic is amenable to
genetic engineering. For instance, it would be desirable in many cases
to give crops the ability to fix their own nitrogen or to photosynthesize
more efficiently. Crops might also be genetically engineered to produce
higher levels of plant growth hormones or to have a greater ratio of
harvestable to nonharvestable matter. Resistance to such environmen-
tal factors as disease, insects, competing plants, flooding, drought,
salinity, toxic metals, pesticides, heat, and cold are all potential goals
of biotechnology. Unfortunately, many of these attributes are probably